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SOUIRRIELS AS PREDATORS 


J. R. Callahan! 


ABSTRACTS A literature review and field observations indicate that most sciurids are facultative predators on sinall 
vertebrates. This behavior is documented for at least 30 sciurid species in $ genera. The frequeney of predation apparcuth 


is influenced by various factors including climate, season, gender, reproductive condition, and availability of plant sources 


for certain nutrients such as calcium and nitrogen. Although sciurids assimilate as much energy from animal foods as do 


obligate carnivores, behavior associated with predation appears to be less efficient in scinrids and may rely partly on prey 


habituation and other adaptive behaviors. 


Key words: squirrel, Sciuridac, predator. carnivore, omnivore. 


Predators utilize various strategies that maxi- 
mize the probability of suce essful prey capture 
while minimizing the probability of injury. Sci- 
urid rodents, many of them facultative and op- 


portunistic predators, are not morphologically 


specialized for this role and should therefore 
possess a wide variety of adaptive attack behav- 
iors. As discussed below. one of these behaviors 
observed in tree squirrels appears. similar to 
insinuation (Curio 1976), a strategy more often 
associated with invertebrates Haan with mam- 
mals. 

Predation, as defined here, means the killing 
and eating of active vertebrates (incliding con- 
specific 5) or other relatively large, mobile prey 
by free-living squirrels. Tieeernuen exchides 


the consumption of eggs, nestling birds, small 


insects, or any animal that is Alpencle dead. Prey 


offer some resistance: eating carrion or aphiis is 
similar to browsing. Predation also excludes kill- 
ing that appears unrelated to feeding, as in de- 
fense of the nest (Harris 1985) or as a 
eee strategy (Balfour 1983, Weissen- 
bacher 1987). Fin: alee behavior of caged squir- 
rels is often Bani and is excluded here as 
evidence of predation, although it can provide 
clues to dietary deficiencies. 

Not all biologists accept the idea of squirrels 
as frequent pre mhtors, Despite the 70-year lit- 
erature record summarized in Table 1. 
O’Donoghue’s recent (1991) finding that squir- 
rels are the chief predator of juvenile snowshoe 
hares elicited general “shock” (C. Krebs, per- 





sonal comnnmication). There is universal ac- 
ceptance that squu irrels eat meat; the question 1S 
how they obtain it. Squirrels are often seen 
cating carrion on roads bit are rarely seen at- 
elt elt Gary: Stomach contents analy: SIS Wav 
OV euleok vertebrate flesh and cannot distinguish 
live prey from carrion. Thus, each new obsema- 
tion of a squirrel acting like a ee becomes 
a journal note (see Literature Cited). Although 
most of these notes imply that such behavior is 
aberrant, collectively they describe a significant 
component of the sciurid feje tomes i he same 
feeding adaptations that enable squirrels to 
crack nuts are sufficient for opening skulls (Lan- 
dry 1970). 

TREE SQUIRRELS —The following field ob- 
servation (which prompted this review) adds a 
species to the list of reported sciurid predators. 
On 6 April 1979, T saw a lactating female west- 
em gray squirre I (Sciurus griseus) stalk and at- 
tack an adult mountain quail (Orcortyx pictus: 
In mixed-conifer forest at Black Mountain, Riv- 
erside County, Califomia. elevation 1S00 1m. 
The quail was standing on a 60-cm stump at the 
edge of a clearing: five or six other quail were 
nearby. None of the quail appeared to react as 
the squirrel crossed the clearing in an odd, 
crouched posture, rustling the pine needles and 
leaves loudly enough to attract my attention. 
When it was 20 cm froin the stump, it leapt up 
and pormced on the quail. After a brief struggle, 
the quail escaped and the covey moved off. In 
six vears in the same area, on two other occasions 
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ation by sciurids. This table is limited to behavior of free-living squirrels and includes 





Source 





Hlolm (1976), Bailey (1923) 
This paper 


Borell (1961), Seton (1929), Shaller 
and Baker (1991) 


Gumiell (1987), Schlogel (1985) 
Roest (1951) 


Hatt (1929), Seton (1929), llamil- 
ton (193-4). O'Donoghue (1991), 
Nero (1987), Tavlor (1985) 


Eaiimons (1980) 


Bradley (1965), Morgart (1985) 
Hawhecker (1947) 
Armitage et al. (1979) 


Grinnell & Storer (1924), Fitch 
(1948). Sumner & Dixon (1953), 
Sandberg and Banta (1973), Trulio 
et al. (1986) 


Sharsmith (1936), Howell (1935), 
Sherman & Morton (1979). 
Michener (1982) 


Calineseu (1934). Herzig-Straschil 
(1976) 


Howell (1938) 


Polder (1955), Johnson (1922), 
Howell (1938), Sewls (19-48), 
Choromanski & Sargeant (1952) 


Cameron (1967), Tevis (1953) 
Packard ( 1958) 

Bradley (1968) 

Nlichener (1982) 


Bridgewater & Penny (1966). 
Bailey (1923) 
O' Donoghne (1991), Holmes 


(1977). Boonstra et al. (1990), 
\lichener (1982) 


Cook & Henry ( 1940) 
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Tapni 1], Continued. 
Species a Source 





Washington ground squirrel Conspecifics 


(Spermophilus washingtoni) 


Sonth African ground squire) 


(Nerus inauris ) other reptiles 


\frican ground squirrel Cobra 
(Nerus rutilus) 

CHIPMUNKS 

Cliff chipmunk Crabs 


(Tamias dorsalis) 
Merriam’s chipmunk 

(Tamias merriami) 
Leust chipmunk Tree swallows 
(Tamias mindinuts ) 


Asian chipmunk 
\Tamias sibiricns) 

Eastern chipniunk 
(Tamias striatus ) 





I saw awestern gray squirrel stalk a bird briefly 


but then retreat without completing a predation 
attempt. On 1 April 1993, S. B. Compton (per 
sonal communication) saw a western gray squir- 
rel with a small, live mammal in its month, the 
size ofa voung Peromyscus, beside a road in the 
San Jacinto Mountains (2100 m). 
Ingles (1947), Cross (1969), Jaeger (1929), 

and Stienecker and Browning (1970) reviewed 
the food habits of the westem grav squirrel but 


reported no predation (although the latter 


found feather fragments in one stomach). At 
least six other tree squirrel species take live prev 
(Table 1), but the frequency of such behavior is 


unknown. Meat constitutes 2-11% of the diet of 


the eastem gray squirrel, Sciurus carolincusis 
(Packard 1956. Nixon et al. 196S): however. 


stomach contents analysis does not reveal how 


eat was obtained. Moreover, squirrels are cr- 
ratic predators and not all studies are in agrec- 
ment. Whereas Borell (1961) and O°’ Donoghne 
(1991) reported predation by the fox squirrel (S. 
niger) and red sguirrel (Tamiasciurus hudsoni- 
cus), respectively, Reichard (1976) saw no pre- 
dation by either species. 

It is not entirely clear whether a tree squirrel 
attacks live prey toobtain meat perse orcalcium 
andor phosphorus from the bones. Shaffer and 

Baker (1991) noted that a fox squirrel. after 


Domestic fowl, other birds. turtles. 


Lizards, sparrows 


Voles, birds, lizards, frogs 


Couspecifics. voles, swallows, star- 
ling. snakes. frogs, salamander 


Meorn | 1940 


Short ridge (JO3b. Ryan 1 ]9S7 


Stiles 1987) 


Jenkins 1989 


Larson L9S6) 


Lederle ct al. J9S5 


Oonev (1966 


Krull ¢ 1969). Seton (1929 . Ginevan 


(1977). Hesterberg (1940. Harriot 
(JOVO. Shackleford (1966), Torres 
(1937) 


killing a voung blue jay avoided the skeletal 
mace and gnawed on fie joints and bones near 
the surface a the skin. This isin agreement with 
other reports of tree squirrels eating bone and 
antlers (Cross 1969, Leach 1977) Wimecercime 
however, sciurids have consumed specific prev 
organs suchas the brain (Hamilton 1954, i: Hiott 
1978) or viscera (Llesterberg 1940), or the flesh 
of the head (Holm 1976). 

Predation by tropical tree squirrels appears 
to be rare. Emmons (1980) saw no predation bv 
any of nine African although one 
Acthoscitrus stomach contained a frog (Table 
1}, Glanz et al. ()9B2) Scirus 
vranatensis rarely cats animal foods. Paraxerns 


spe CIES, 
wrote that 


cepapi eats eggs, nestlings, and insects, but ap- 
parently no prev as defined here (Shortridge 
193-4); male Po eepapi sometimes kill juve nile 
conspecifics, but Weissenbacher (1957) regards 
this as a reproductive strategy rather than pre- 

dation per se. Viljoen (1975) reported no preda- 
tion by Puniscinrus cougicus. Small arthropods 
and annelids are the only known animal foods of 


Snadascinrus lowii. Daascosmobseanais. Calo- 
scinrus melanogaster (Whitten LOST), Callosci- 


urus erythracus (Setoguchi 1990), and Tamiops 
meclelandi Moore aid Tate 1965). Borges (1990) 
stated that Refufa is an obligate herbivore. 
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GROUND SQUIRRELS. Meat (live prev and 
carrion is aimajor food source for ground squir- 
rels worldwide. although fewer data are avail- 
able regarding Old World species. Table 1 lists 
reports of predation by TS species of Spernio- 
Anmmospermophilus. Marinota, and 
\ possible exception is the Mohave 
Spermoplilis mohavensis), 
Which has been studied intensively (Leitner et 
al. 99D bit is not known to take live vertebrate 
prev. The cheek pouches and stomachs of four 
Sciurotamias davidianus spechnens contane | 
only plant material Callahan and Davis 1982), 
but ie field dataon this endemic C hinese genus 

re availible. 

PIVING SQUIRRELS = The sonthem fying 
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chipmunk ( (Tamias speciosus) is somewhat spe- 
cialized as an arboreal nest predator (Grimiell 
1908. Grinnell and Storer 192-4), but it has been 
reported to cat eggs rather than adult birds. 
Similar behavior is reported for the Uinta chip- 
maumk (Tamias wmnbrinas) (Smith and Anderson 
19a). 

SIGNIFICANCE.-—There are really two ques- 
tions here: (1) Why eat meat? (2) i hy catch it 
while it is ia alive? 

A freqnent answer to the first question is that 
squirrels, especially reproductiv e females, may 
need a concentrated source of protein and/or 
certain minerals. This view is supported by stud- 
ies of calcium self-selection by male and female 
Malabar giant squirrels (Ratufa indica) (Borges 
1990). Smith (1968) and Carlson (1940) re- 
ported that only pregnant and lactating tree 
sqnirrels regularly eat animal food. Shades cited 
by Cinenell: (1987) showed that female tree 
squirrels cannot always obtain enough calcium, 
phosphorus, sodium, or nitrogen fon a diet of 
seeds. Goodrum (1940) spe ‘culated that female 
squirrels may need meat to reproduce success- 
fully. Keviner and Hime (1977) reported a wild 
Europe an red squirrel (Sciurus vulvaris) with 
nutritional osteodystrophy, suggesting that die- 
tary calcnm may be a limiting Eichr in the 
distribution of certain species. 

A second viewpoint is that the seasonal in- 
crease in meat consumption, whether of live 
prey or carrion, compensates for a seasonal de- 
cline in the quality of plant food (especially 
protein contert) and is not specifically related 
tO reproduction. Nutrient density and water 
content of plants eaten by squirrels decline in 
spring and snmmer (Bintz 19S4). In the Mojave 
Desert, plant foods evidently contain sufficient 
calcium, but nitrogen is likely to be limiting for 
desert. ground squirrels that are active vear- 
round (Karasov 19S5): conversely, tree squirrels 
in more mesic environments have hingi avail- 
able as a source of nitrogen but are more likely 
to need caleinm seasonally (Carlson 1940. 
Coventry 1940, Kevmer and Ilime 1977). Phos- 
phorus also may be a factor in food selection: 
Cano and Colome (1986) attribute the con- 
shiption of carrion by cattle in parts of South 
Africa to phosphorus- deficient soils. When ke ‘pt 
ona herbivorons diet, Belding’s ground squir- 
rels sciect: plant parts highest in protein and 
water | shehnan and Je SHITE 1989). Gurnell 

LOST wrote that tree squirrels use animal food 
mainly in the snminer. Weeks and Kirkpatrick 
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(1978) studied the “salt drive” phenomenon in 
fox squirrels and marnots. Clark (1968) fonnd 
that the proportion of animal food in Spernio- 
philns richardsoni stomachs increased trom 3% 
in April to 24% in Angust. Tevis (1953) reported 
a similar phenomenon for chipmunks and gold- 
en-mantled squirrels. 

A third hypothesis is that predation by sqnir- 


rels is often incidental to killing for some other 


reason, usually territorial defense or reproduc- 
tive competition, In other words, once the other 
animal is dead, it provides an energetic bonus 
that can be consumed without further risk. This 
explanation applies mainly to certain ground 
squirrel species (Holmes 1977, Michener 1982. 
Balfour 1983, Harris 1955). 

The other question concerns the advantages 
of live prev. Carrion contains protein and other 
nutrients, and it does not run away or fight back. 
Carrion also has disadvantages: mitrient content 


diminishes due to ae ceicen and removal of 


organs (by the original predator or by earlier 
scavengers): carrion occurs in high- risk situ- 
ations (near ravens, predator dens. or cars); and 
it may contain hanmful bacteria. But the worst 
thing about carrion is that it may not be available 
when needed. Most reports of scavenging by 
free-living squirrels involve road kills, an artifi- 
cially concentrated phenomenon. 

“Quasi-prey,” such as small frogs and most 
arthropods, are a fairly sale bet ele available. 
Nestling birds are somewhat more difficult be- 
Gimse- of nest deferixe by the parents (Smith 
1970, Shaffer and Baker 1991). The hardest 
prey to explain are adult birds, rodents, and 
rabbits, since these have defenses sufficient to 
inflict injury on a squirrel. The prevalent view is 
thet squire ‘Is turn to live prev only as an “emer- 
genew” food source (Reichar d 1976) when other 
resources arc depleted. This view implies that 
predation is a freakish event that has no real 
bearing on the squirre ls role inthe foodweb. To 
paraphrase I Landry (1970), 
carivory do not a carnivore make. (To support 
this statement, Landry cites an observation of a 
deer eating a rabbit.) 

Again, however, a growing body of evidence 
suggests that predation is a normal component 
of the feeding repertoire for most scinrids, at 
least outside the tropics. This does not imply 
that squirrels are fiindamental predators, but 
simply that they are opportunistic. One  re- 
viewer of this paper commented that squirrels 
are “lousy predators.” Undoubtedly this is trie 


isolated everits of 
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to some extent: but neither the apparent low 
success rate nor the situation-specific response 
to potential prey is unique to squirrels. Both 
phenomena are re porte ‘d for many obligate 
predators as well (Curio 1976). Moreover, Kara- 
sov (19S2) found that antelope ground squirrels 
assimilate Chere, from animal foods just as effi- 
ciently as do obligate predators. 

There is a leamed component in predator 
recognition and avoidance by birds and mani- 
nus (Curio 1976, Rebison 1980). lt would be 
a waste of energy for rabbits to avoid deer, for 
Instance, even though one deer ate one rabbit. 
But ifsqnirrels inde rgo dietary stress every \ car 
and begin eating pecnliar things. One might 
expect prev to ere on. The nies d evidence 
awailable suggests this is not the case. Birds 
apparently re spond to models of squirrels near 
their nests (Hobson et al, 198S)—a not imex- 
pected result. since nest predation is a frequent 
sciurid behavior. Smith (1970) reported that two 

cactus wrens (C amipylorlunchus bruiei icapillus) 
attacked and injured a Harris antelope squirrel 
(Anunospermophilus harrisii) near an old nest. 
In other contexts, however, birds and other po- 
tential prey often seem to ignore squirrels. 

A clue to this blasé re sponse may he found 
in the “stalking” behavior occasion: ally observed 
in tree squirrels. inclnding the western grav 
squirrel as described above. This behavior is not 
associated with the routine operation of nest 
robbing but seems limited to the relatively in- 
fre quent attempts on I: arger prev, Klugh | 1927) 
similarly wrote that red squirrels sometimes ap- 
pear to stalk grouse or partridges, repeatedly 
advancing on the bird and then retre ating. This 
is similar tomy own observations of westem grav 
squirrels re porte ‘above. The squirrel engage d 
in this near-caricature of a stalking predator is 
actually more conspicuous than usual (at least to 
the human observer). It is possible that the 
cflect of obvious repeated stalking is to habiti- 
ate potential prev. 

Most publishe dre ports of scinricdl predation 
are brief notes, since it is difficult to conduct a 
quantitative study of uv rare phenomenon. 
Llowever, some. tentative inferences can be 
drawn. The proximate significance of stalking 
may be that the squirrel is showing conflict 
behavior. advancing and then retreating if the 
bird or other prey appears in a position to de- 
fend itself. In the ultimate sense. the squirrel 
should benefit from this behavior if its effect is 
to condition the local prev population to disregard 


eh Te nost squirrels acting like 
yeetlators dest Follow through, then prey 
shonld learn not ta respond. behavior is 
avalogous to the hoarding of nuts, in that The 
squirrel is s hoarding pres confidence. Later. 
when normal food items are in short supply, the 
squire) can exploit this conditioning. In the 
longer term, selection for such behavior peten- 
Lally represents an cntry pot toa new feeding 
miche, particntarh in mi einal habitats where 
tree squirrels may be more likely to resort to 
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predation. 
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